Background: Globally, accurate diagnosis of malaria is essential for effective management of malaria and other frequently fatal non-malarial febrile illnesses that share the same signs and symptoms with malaria. Although malaria microscopic diagnosis using stained blood slides is considered to be a standard technique, it suffers subjectivity in its accuracy depending on the knowledge and skill of the technologist reading the slides. The purpose of this retrospective cross-sectional study done in 2013 was therefore to assess the reliability of microscopic diagnosis of malaria using stained blood slides by laboratory technologists in three Kayonza District health centres, Eastern Province, Rwanda. Methods: Forty archived stained blood slides of which 20 had been reported to be positive and 20 negative were selected from each of the three identified health centres by systematic sampling. Overall, 120 stained blood slides were collected and read by the Principal Investigator, and the quality control was done by the National Reference Laboratory. Results and conclusion The results of the diagnosis done by the health centre technologists and principal investigator agreed by 96.67% and was categorized as almost perfect according to the calculated Cohen's kappa of 0.933, p<0.001. Still, more trainings are recommended for the technologists.
Introduction
Malaria is one of the leading causes of morbidity and mortality in many low income countries particularly in sub-Saharan Africa (Alonso et al., 2011; WHO, 2014) . In 2013, out of the 584,000 deaths caused by malaria globally, 90% occurred in sub-Saharan Africa with 78% of all deaths affecting children aged less than 5 years (WHO, 2014) . Most of the deaths were due to Plasmodium falciparum, although Plasmodium vivax is increasingly recognized as a cause of severe malaria and death (World Health Organization, 2013) . With the intensification of malaria control efforts in the last decade, however, malaria has gradually declined as indicated by reduced malaria prevalence, morbidity and mortality around the world, and especially in sub-Saharan African countries (WHO, 2014) . Despite the observed decline, malaria transmission continues globally in 43 countries in the African Region of which eight countries, including Rwanda, are on track to achieve reductions in reported malaria case incidences or malaria admission rates of 75% or more (World Health Organization, 2013) .
Treatment of malaria is currently principally based on confirmed parasitological infection and not on the clinical signs and symptoms, except in situations where parasitological diagnosis is not accessible (WHO, 2010b) .
Treatment based on diagnostic testing has several advantages compared to presumptive treatment of all fever episodes. Some of these advantages include: improved care of parasite-positive patients, identification of parasite-negative patients for whom another diagnosis must be sought and be treated accordingly, avoidance of use of antimalarial drugs in parasite-negative patients thereby reducing side effects of drug interactions, and selection pressure for drug resistance, which potentially can result in financial savings on antimalarial drugs, improved public trust in the efficacy of artemisininbased combination therapy (ACT) when it is used only to treat confirmed malaria cases, and improved public trust in the accurate diagnosis and treatment of non-malaria causes of febrile illness (Allen, Hatfield, & Manyama, 2013; Edson, Glick, & Massey, 2010; Rafael et al., 2006; WHO, 2011) . Microscopic diagnosis of malaria using stained blood slides is considered to be the standard technique. However, the technique relies on the knowledge and skill of the technologist reading the slides and this introduces subjectivity in its accuracy (Amexo, Tolhurst, Barnish, & Bates, 2004) . Studies from various *Corresponding author: naugustin@khi.ac.rw countries have reported microscopic misdiagnosis of malaria ranging from 7.8% over a ten year period in the United States (Edson et al., 2010) to 70.2% at a local hospital in Tanzania (Allen et al., 2013) Surprisingly, the subject of quality control and quality assurance of microscopic diagnosis of malaria has for many years not been given adequate consideration for improvement, and this may have inadvertently contributed to the increased number of reported global burden of malarial illnesses (WHO, 2011) . Currently however, with a renewed emphasis on malaria elimination and eradication, malaria diagnosis has become a focus of study in order to reduce morbidity and new threat of drug resistance to the currently used antimalarial drugs (WHO, 2011; Wongsrichanalai, Barcus, Muth, Sutamihardja, & Wernsdorfer, 2007) .
With declining malaria prevalence, detection of low grade malaria infections is a challenge due to the low sensitivity of microscopic diagnosis (Alonso et al., 2011;  The malERA Consultative Group on Diagnoses and Diagnostics, 2011).The need for accurate detection of the parasite will also be required for monitoring, evaluation and surveillance activities during pre-elimination phase to prevent resurgence of the disease (Alonso et al., 2011) . Rwanda, has responded by working to establish and maintaining quality laboratory services for accurate, reliable and timely results as required by set standards (Bates, Bekoe, & Asamoa-Adu, 2004a; MoH, 2013a MoH, , 2014 . However, considering that proper maintenance of medical laboratories can be expensive requiring skilled staff, the goal of attaining desired quality control and quality assurance across Rwanda is not yet fully achieved (MoH, 2014) .
To improve the accuracy of malaria diagnosis with these existing constraints, Rwanda, through the National Reference Laboratory (NRL), instituted a proficiency testing and evaluation program, regular training of laboratory staff and periodic comparison of malaria microscopy with the Rapid Diagnostic Tests (MoH, 2014) . In this program, samples were sent to the national reference laboratory from all District hospitals and from some peripheral health centre laboratories at specified time intervals for confirmation purposes. However, owing to limited resources, the procedure has not reached all the laboratories across the country, and there is decentralization for quality control and quality assurance to be performed at the district level (MoH, 2014; WHO, 2009a) The most commonly used method in detecting errors in diagnosis is to assess the extent to which the scores of observers (i.e. raters) agree with each other, which is called inter-rater agreement. An additional measure called inter-rater reliability indicates the level to which the independent raters can differentiate items under similar conditions (Kottner et al., 2011) . Inter-rater reliability measurements use such coefficients as Cohen's kappa because they take into account the random (i.e. chance) agreement that might arise from guessing the scores (Kottner et al., 2011) .
The purpose of this retrospective cross-sectional study was therefore to assess the reliability of microscopic diagnosis of malaria using stained blood slides by laboratory technologists in three Kayonza District health centres, Eastern Province, Rwanda in order to identify areas for improvement.
Methods
A retrospective cross-sectional study using archived stained blood slides was conducted in three health centres in Kayonza district, Eastern Province, Rwanda in September 2012. The Eastern Province is one of the upper moderate transmission areas for malaria in the country (MoH, 2013b) . The health centres were selected owing to the large number of malaria patients referred from them to different hospitals in the Province. A minimum sample of 101 stained blood slides, which was raised to 120 to take into account possibly defective smears, was determined from a table of sample size estimation for kappa coefficient detection at 0.05 level of significance, 80% power, 0.5 proportion of positive diagnosis, and a 2-tailed null hypothesis value of kappa at 0.7 (Sim & Wright, 2005) , based on the time that was available to read all the slides.
Before choosing them into the sample, all records of positive and negative stained blood slides collected between September to November 2012 in each health centre were assigned numbers to be used as sampling frames for systematic sampling (Vos, Strydom, Fouche, & Delport, 2011) . About 40 stained blood slides of which 20 had been reported to be positive and 20 negative were selected from each of the three health centres by systematic sampling to give a total sample of 120 stained blood slides.
The principal investigator who is a trained laboratory technologist from the Biomedical Laboratory Sciences department of the former Kigali Health Institute (KHI), (now part of College of Medicine and Health Sciences, University of Rwanda) carefully read all the blood slides under the CX21 Olympus Microscope. The examination of the blood slides was carried out using a high power field magnification (x100 with immersion oil). A result was called positive when malaria parasites were present in the preparation and negative when malaria parasites were absent (WHO, 2010a). The scores were recorded using a data collection sheet, and the IBM® SPSS® Statistics version 20 was utilized for data entry and analysis for percentage agreement between the first and second raters as well as for the Cohen's kappa for inter-rater reliability (McHugh, 2012) . To confirm the quality of the results obtained by the principal investigator, 20% (i.e. 12) of the malaria positive slides and 10% (i.e. 6) of the malaria negative slides were sent to the NRL for confirmation. It is the NRL policy that for quality control, 20% of positive and 2% of negative blood slides be sent to the lab for cross-checking; but a little more (i.e. 10%) of the negative slides were sent. The blood slides included those which were discordant between the health centres and the principal investigator. The NRL and principal investigators results showed a 100% agreement, and
Cohen's kappa of 1. This study was given ethical clearance by the Research Ethics Committee of the former KHI and permission to collect data was obtained from the directors of health centres concerned. All the archived blood slides did not bear names of the patients and thus no inf ormed consent was sought.
Results
A total of 120 thick film stained malaria slides were examined to assess the level of agreement of malaria diagnosis between the health centre and the principal investigator's diagnosis as shown in Table 1 . The figures indicate that there was a 96.7% ) agreement between the results from the health centre and those of the principal investigator. The Cohen's kappa for reliability was found to be 0.933 (CI 0.869 -0.998) , p < 0.001 which is categorized as almost perfect (Landis & Koch, 1977; McHugh, 2012) 
Discussion
In Rwanda, as in many other African countries, the standard diagnostic technique for malaria is the microscopic examination of stained blood slides (WHO, 2010b). As malaria prevalence decreases in many African countries, including Rwanda, the ability to identify all the parasites infections becomes increasingly important. Good quality microscopy conducted by skilled technicians for correct identification of parasites and the ability to manage appropriate quality control, are among the key requirements in the management of malaria (WHO, 2009a) . The results of this study indicate that there was an almost perfect agreement in the readings made at the health centres and the principal investigator as reflected by the Cohen's kappa of 0.933 (p<0.001) (McHugh, 2012) . The observed high level of agreement could partly be a reflection of the efforts made so far in equipping the laboratories and capacity strengthening for the technologists involved in malaria microscopic diagnosis in Rwanda. For example in 2010/2011 when there was reported a 4.25% discordance between the blood slide results from the health facilities and the NRL, it was followed by a close corrective supervision of the health facilities by the NRL. The external quality assurance and quality control proficiency testing done between 2010 and 2011 obtained acceptable scores between 80% and 97.5%, well above the minimum acceptable score of 75% (MoH, 2013c) .
Despite an almost perfect agreement between the readers detected in this study, the two positive slides scored as negative by the health centres is worth further consideration in the context of decreasing malaria prevalence in Rwanda. A few studies have shown that the malaria prevalence, estimated as the proportion of stained blood slides found to have malaria parasites, tend to vary considerably at low parasite densities ranging between 4 -100/μl of blood, but much less so above that density (Billo et al., 2013; Harris et al., 2010; McKenzie, Sirichaisinthop, Miller, Gasser, & Wongsrichanalai, 2003) . There are some known factors that adversely affect the slide reading results at low parasite density levels. These include quality of slide preparation, quality of reagents and microscopes, random selection of microscope fields, level of training, and motivation and concentration including workload of the microscopists as well as to whether context is clinical or research (Billo et al., 2013; Harris et al., 2010; McKenzie et al., 2003) . For example, the malaria microscopist technologists located in the malaria endemic areas are faced with large numbers of blood slides to read daily (Tangpukdee, et al., 2009) , which tend to decrease their ability to perform accurately and with precision (World Health Organzation, 2009). The preparation of thick blood films has been reported to lose up to 60% of the parasites, which is a significant barrier to accurate microscopic diagnosis of malaria (Dowling & Shute, 1966) . Nevertheless, with a 6 months of training technologists have been shown to increase the malaria microscopy evaluation accuracy with a notable improvement in scores from 84% to 91%, (Bates, Bekoe, & Asamoa-Adu, 2004b) .
Although comparative studies show that other techniques such as the polymerase chain reaction (PCR) can detect parasites missed by microscopic diagnosis for densities below 40-50 parasites/μl, (Kilian et al., 2000) , they have a limitation of being too expensive and technically demanding to be used in a routine diagnostic laboratory. Evidently, the efforts to perfect the microscopic diagnosis of malaria at the district and health centre levels remain crucial and may continue to be like that for quite some time in the future.
Limitation of the study
The limitation of the study relates to the fact that Cohen kappa does not have clear-cut interpretation with respect to reliability, although it is generally stated that a value of 0.7 and above is acceptable and below it is weak. Where the goal is toward elimination of malaria, a value of kappa = 1.0 remains the target.
Conclusion
The results of this study have shown that the degree of reliability of results from the three health centres in Kayonza is almost perfect. It is asserted that such achievement might be attributed to the deliberate plans and efforts made to improve microscopic diagnosis in Rwanda through regular trainings of technologists, supply of equipment and reagents within the means available and engaging in corrective supervision of certain health facilities having low reliability scores. (MoH, 2013c; WHO, 2009b WHO, , 2011 . The quality of care with respect to malaria management in the country, ultimately rests with accurate diagnosis of malaria at all levels. Given that microscopy is still the mainstay of the diagnosis, more resources will need to be available to improve further and sustain the current level of accuracy in order to save more lives and thus build more trust between the health care system and the patients.
